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k ^ M a TV[RQ�]4Tq[ a SUSZtRm�WYMPTVk[4MUO a M \yQ0�dQ�[\M
i T sqs ^ Q-nuktR[R] Tq[�Q a p�O k�nbMUORQzp�O a [R[RQ s S a [R]�tRSZTq[Rh � . �3 X 0 �T\
^� J Q:Km`ON a � ��� ��� � �m\!��U

U � \j� o&XUk ^ l=<�nukX�MUORQ SZMUkW p�XZkSUS � SUQ0p0MUTqk[ k ^ M a Tq[YQ�] tRSZTq[Rh�MUORQ�SZM a [R] a XZ] v M m�Q0MPOYk ] nukX] a M a k ^ M a Tq[RQ0] Tq[ a WRSUQ0tR]Rk � Q:9 W7Q�XUTVm3Q0[\M!�5TV[ i ORTqp�O MPORQ(SrMPkW O a S a m a SUS�k�n,\
^d�
J QPKm`BN a i TwMPO a WRXUk}]RtRp9MPTVk[ p�XZkSUS � SZQ�p0MUTqk[ kdn>\j��W ^ �YX a MPQ�kdn MPOYQ 687 ~ Q0M ^ a p c hXUkdtR[R]Q9�Q�[\MUS5TqS,k ^ M a Tq[YQ�] tRSUTV[Rh � ; a [R] kdMPOYQ�X ^ a p c hXUkdtR[R]RS a XUQ-MPOYQ4S a m3Q a S�Tq[�MUORQ4XZQ ads
a [ ads _ SUTVS ��<#TVM,TVS a WYW s TVQ�]�MPk�m�tRk[ ] a M a k[ s _ �
o&XUk ^ l=< k ^ M a Tq[YQ�] TqS,p�k[YSUTqSrMPQ0[|M i TVMUOMUORQzXUQ0nuQ0XUQ0[Rp�QAp�XZkSUS � SUQ0p0MUTqk[�� � � � ��� ��� � ��� ��� � ��� � ��� ��� � ��� � ��� ��� � �m\O\k\

U � \k\ l5TVSZMPXZT ^ t MPTqkd[ kdngMPORQz[|tRm ^ Q�X,kdnbWRXUkd[RhS,Tq[�MPOYQ v [ ads M a t p a [R]RTV] a MUQ�S*nukX�Q S D32BD $ � �m\O\ �
U � \ � l5TVSZMPXZT ^ t MPTqkd[ kdn�MPORQ�[|tRm ^ Q�X kdn ~ Q0MUS Tq[ MPORQ v [ ads p a [R]RTq] a MPQ�Q9�Q�[\MUS3nukX �eG � ^�

J QPKm`BN a XUQ0hTqk[�nukX .Ia 0
Q s Q�p9MPXUkd[ p�O a [R[RQ sga [Y] . ^ 0ym�tRk[�p�O a [R[RQ s � � ��� � ��� ��� � �m\O\
^
U � \
^ l5TVSZMPXZT ^ t MPTqkd[ kdn�MPORQ�[|tRm ^ Q�X kdn ~ Q0MUS Tq[ MPORQ v [ ads p a [R]RTq] a MPQ�Q9�Q�[\MUS3nukX �eG � ^�

J QPKm`BN:a�XUQ0hTqk[�nukX*Q s Q0p0MPXZk[�p�O a [R[YQ sga [R] m�tRk[�p�O a [R[RQ s p0km ^ TV[RQ�]�� ��� � ��� ��� � �m\O\
^
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U � \�_ ` ORQ0kXUQ9MPTVp ads WRXUQ0]RTqp9MPTqkd[RS3nukX�MPORQ �3 X 4 �3 X WRXUk}]RtRp9MPTqkd[ p�XZkSUS � SUQ0p0MUTqk[ . ^ s tRQ SUk s Tq] s Tq[YQ�S 0a [Y]�TVMPS8tR[Rp0Q�XrM a TV[|M _ ]RtRQ�MUk�n a p9MPkXZT�� a MPTqkd[ a [Y] [RkXZm ads T�� a MPTVk[ SUp a�s Q�S
p�km ^ Tq[RQ0] i TVMUOMUORQ�o�l=< Q0XUXZkX . ^ s tYQ4] a SUORQ0] s Tq[YQ�S 0 �,o&XUk ~ Q0p0MPQ0] b �kd ; � 
 � tRWYW Q0X s TVm3TwMynukX,MPORQ �3 X 4 �3 XWRXZk ]YtRp0MUTqk[ p�XZkSUS � SZQ�p0MUTqk[ k ^ M a Tq[YQ�] nuXUkm p�km ^ Tq[RQ0] Q s Q0p0MUXUk[ a [R] m�tRkd[ p�O a [R[RQ s] a M a TqS SUORk i [ a S a ^ a [R] . p0kXUXZQ�SZW k[Y]RS3MUk a � H d�WYXUk ^ a ^ T s TVM _ X a [RhQ�kdn�W kdSUSUT ^ s Q
s Tqm�TVM TVn8] a M a�i Q�XZQ�MUk�nuk sqs k i ^ a p c hdXUktR[Y]�Q:9 W7Q�p9M a MUTqk[�0 ��5�Q0] SZk s TV] s TV[RQ�S5SZORk i MPOYQ
b �Od ; � 
 � s Tqm�TVMUS1k ^ M a Tq[YQ�] TV[�MUORTqS a [ a�s _ SUTVS � � a X s TqQ0X�p�k[RSrMPX a Tq[\M k ^ M a Tq[RQ0]3nuXUkdm ;yl=<
a [Y] 
 ��o s Q�WYMUk {|t a X c SZQ a XZp�ORQ�S . � . �3 X 0 � bkb1J Q:K(`ON a 0�TqS-SZORk i [ a S a ^ k�9$� a�s TVm3TwMk ^ M a TV[RQ�]3Tq[ a SUTVm3T s a Xl5,tR[ 71SrMPkW SUQ a XUp�O a [ a�s _ SUTVS . � . �3 X 0 � \ �d� J QPKm`ON a 0�TqS8SUORk i [a S a ] a SZORQ�] s TV[RQ . �}TVk s Q9M@0 � � � � ��� ��� � ��� ��� � ��� � ��� ��� � ��� � ��� ��� � �m\O\�_

U � \ � ` ORQ0kXUQ9MPTVp ads WRXZQ�]RTVp0MUTqk[�nukX1MUORQyMPOYTqXU] hQ0[RQ�X a MPTVk[ SUp ads a X s Q�W MPk}{}t a X c W a TqX#WRXUk}]RtRp9MPTqkd[p0XUkSZS � SZQ�p9MPTqkd[ . ^ s tRQ�SUk s Tq] s Tq[RQ�0 a [R]ATVMPS tR[Yp�Q�XrM a TV[\M _ ]RtRQ�MPk,n a p0MUkXUT � a MUTqk[ a [Y]�[RkXZm a�s �T � a MUTqk[�SZp ads Q�S,p�km ^ Tq[RQ0] i TVMPO�MUORQAo8l=< Q�XZXUkX . ] a SZORQ�] s Tq[YQ�S 0 �&o&XUk ~ Q0p0MUQ�] b �kdZ; � 
 �tRWYW Q0X s TVm3TwM&nukX MUORQ s Q0WYMPk}{|t a X c WYXUk}]RtRp0MUTqk[ p�XUkdSUS � SUQ0p0MPTVk[�k ^ M a Tq[YQ�] nuXZkm p�km ^ Tq[RQ0]Q s Q�p9MPXZk[ a [R]�m�tRk[�p�O a [R[RQ s ] a M a TVS#SUOYk i [ a S a ^ a [R] . p0kXUXZQ�SZW k[Y]RS#MPk a � H d WRXZk ^ a �^ T s TwM _ X a [RhQ
kdn7W kSZSUT ^ s Q s Tqm�TVMgTVn ] a M a�i Q�XZQ,MUk5nuk sqs k i ^ a p c hXUkdtR[R]�Q:9 W Q0p0M a MPTVk[�0 �F5�Q0]SZk s TV] s Tq[RQzSZORk i S MPOYQ b �Od ; � 
 � s TVm3TwMyk ^ M a Tq[YQ�]�TV[ MUORTqS a [ ads _ SUTVS �5� a X s TVQ�X*p0k[RSZMUX a TV[\Mk ^ M a TV[RQ�] nuXUkm ;yl=< a [Y] 
 ��o s Q�W MPk}{}t a X c SZQ a XZp�ORQ�S .�� .IflhMj 0 � bOb J QPKm`BN:a@0 TqSSZORk i [ a S a ^ k�9 �l7 [ a�sqs p a SUQ0S i Q a SUSZtRm3Q-MUORQ ^ X a [Yp�ORTq[Rh�X a MPTqk flhMj S D 3 � \j���d � \O\��
U � \�� l5TVSZMPXZT ^ t MPTqkd[RS1nukX #�G a [R]#�eG�nukdX p0km ^ TV[RQ�]3Q s Q0p0MUXUk[ a [R] m�tYk[ p�O a [R[RQ s SyTq[�XUQ0hTqkd[L�� ��� � ��� ��� � ��� ��� � � � � ��� ��� � ��� ��� � ��� � ��� ��� � ��� � ��� ��� � �m\O\ U
U � \ U l5TVSZMPXZT ^ t MPTqkd[RS�nukdX MPORQ(TV[\� a XUT a [|M m a SUS kdnzMUORQ�M i k M a t p a [Y]RTq] a MPQ�S � . D��IACD%$ 0 a [R]m�TqSZSUTq[Yh�MPX a [RSZ�dQ�XUSZQ�Q0[RQ�XZh _ nukX*p0km ^ TV[RQ�] Q s Q�p0MUXUk[ a [Y] m�tYk[�p�O a [R[RQ s S�Tq[�XZQ�hTVk[�L � \O\ U
U � \ H l5TVSZMPXZT ^ t MPTqkd[RS nukX s Q�WYMUk[�� G a [R]�M a t�� -�� -G nukXyp0km ^ TV[RQ�]�Q s Q�p9MPXZk[ a [R]�m�tRk[�p�O a [ �[RQ s S,Tq[�XZQ�hTVk[�L � � ��� ��� � � � � ��� ��� � ��� ��� � ��� � ��� ��� � ��� � ��� ��� � �m\O\ H
U � \ b l5TVSZMPXZT ^ t MPTqkd[RSgnukdX s Q a ]RTq[Yh ~ Q0M ��� � & &G a [Y] SUQ�p0k[R] ~ Q0M ��� � & &G nukdX1p�km ^ Tq[RQ0] Q s Q�p0MUXUk[ a [R]m�tYk[�p�O a [R[RQ s S�Tq[�XUQ0hTqkd[�L � � � ��� ��� � ��� ��� � ��� � ��� ��� � ��� � ��� ��� � �m\O\ H
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� � \ o a XZMUTqp s Q-p�k[\MUQ�[\M�k�nbMUORQ � Tq[RTVm a�s � tYW Q0XUS _ m�m3Q9MPXZTqp��}M a [R] a XZ] � k ]RQ s � � � ��� ��� � � H� � � �F9 a m�W s Q0S�k�n#]RQ0p a _ S ^\_ MUORQ - ` 2 Tq[\MPQ0X a p9MPTqkd[RS � � ��� � ��� � ��� ��� � ��� � ��� ��� � � \j�
� � ^ � WRW Q0X s Tqm�TVMUS
k[�MPOYQ ` 5�o K p�ktRW s Tq[YhSynukXyMPOYQASZW a XrMPTqp s Q-m a SUS,kdn \j�� J QPKm`BN a � a [R]p0kXUXZQ�SUW7k[R]YTq[Rh�m3Q a SUtYXUQ�m�Q�[\MUS � � ��� ��� � ��� ��� � ��� � ��� ��� � ��� � ��� ��� � � \k\
� � _ ol5*f �Yo>7 �5f%WYXUQ�]YTqp0MUTqk[YS,nukdX,MUORQASZMPkdW W a TqX,WRXUk}]RtRp9MPTVk[�p�XUkdSUS � SUQ0p0MPTVk[ a S a nutR[Rp9MPTqkd[kdnySZMPkdW m a SUS � ; ads p�t sqa MPTVk[ TqSAk ^ M a Tq[RQ0] ^\_ tYSUTq[Yh ; ` �+� � � o�l=< SUQ9M a [Y] XUQ0[RkX �

m ads T � a MUTqk[ a [R]�n a p0MUkXUT � a MUTqk[ SUp a�s Q�S a XZQ ^ kdMUO�SUQ0M,MUk�� � a . �3 X 0 7eE aG . �3 X 0 � ��� ��� � � \��
^ � \ f5W7Q�X a MPTqkd[ ads W7Q�XrnukXUm a [Rp0QzTq[15,tR[�7 ^ a [R]�5,tR[1787 a � ��� � ��� ��� � ��� � ��� ��� � �K��
^ � � l5Q0SUTqhd[ W a X a m�Q0MUQ�XZS�k�nbMUORQ ^ a SUQ s TV[RQ5MPX a p c Tq[Rh S _ SrMPQ�m�S � � � ��� ��� � ��� � ��� ��� � �K�1�
^ � ^ ;
O a X a p9MPQ�XZTqSrMPTqp0S�kdn*MUORQ ;yl=< 7C7zp ads kXUTVm3Q9MPQ�X ��7 [ MPORQ XZk i S p�kXZXUQ�SZW kd[R]RTq[Yh�MPk s TqhO\M

_ TqQ s ];�YWRORkdMUk Q s Q�p9MPXZk[RS,TqS a ^Y^ XUQ9� T a MPQ0] a S��ZW�� Q ��� � � � ��� � ��� ��� � ��� � ��� ��� � �K� H
^ � _ ;
O a X a p9MPQ�XZTqSrMPTqp0S,kdnbMUORQ(;yl=< 787
m�tRk[�]RQ0MUQ�p9MPkX � ��� � ��� � ��� ��� � ��� � ��� ��� � � ^�
_ � \ ` ORQ ^ X a [Yp�ORTq[Rh�X a MUTqkS8kdn SZTq[Rh s Q�M a t a [Y] MPORQ v [ ads SZM a MPQ0SyTq[3]RTVM a t Q9�Q0[|MUS �
	���XUQ0WRXUQ �SZQ�[\M�p�O a XUhQ0] m�Q�SZk[RS0� ads m�kSZM
�� kdX���� � � ��� ��� � ��� � ��� ��� � ��� � ��� ��� � � ^O_
_ � � ;
tYMUS�nukdX ` L � � 
 � a M 
 \� 
 � a [R] 
 ^ � � � ��� ��� � ��� � ��� ��� � ��� � ��� ��� � � ^ �
_ � ^ �1�k s tYMUTqk[ k�ngMUORQ-]RQ v [RTVMUTqk[ kdn MPORQ ` L � � 
 ��MUXUTqhdhQ�X a [R] MPOYQ-p�kXZXUQ�SZW kd[R]RTq[Yh a �dQ�X �

a hdQAp0XUkSZS,SUQ�p9MPTVk[ .�� 0 � ��� � � � � ��� ��� � ��� ��� � ��� � ��� ��� � ��� � ��� ��� � � ^�U
_ � _ ;
tYMUS�nukdX ` L � ; � � o a M 
 \� 
 � a [R] 
 ^ � ��� ��� � ��� � ��� ��� � ��� � ��� ��� � � ^ H
_ � � �1�k s tYMUTqk[ kdn5MPOYQ�]RQ v [RTVMUTqk[ kdn5MUORQ ` L � ; ��� o MUXUTVhhQ�X a [R]�MPORQ p�kXZXUQ0SUW7k[R]RTV[Rh

a �Q0X a hdQ4p0XUkSZS�SZQ�p9MPTqkd[ .�� 0 � � � � � ��� ��� � ��� ��� � ��� � ��� ��� � ��� � ��� ��� � � ^ b
_ � � ;
tYMUS�nukdX ` L � ; �  %a M 
 \d� 
 � a [Y] 
 ^ � � ��� ��� � ��� � ��� ��� � ��� � ��� ��� � � _\�
_ � U �1�k s tYMUTqk[ kdn1MPOYQ�]RQ v [RTVMUTqk[ kdn1MUORQ ` L � ; �! MUXUTVhhQ�X a [R] MPORQ4p�kXZXUQ�SZW kd[R]RTq[Yh a � �Q0X a hQzp0XUkSZS�SZQ�p9MPTqkd[ .�� 0 � � � � � � ��� ��� � ��� ��� � ��� � ��� ��� � ��� � ��� ��� � � _\�
_ � H ��a Tq[ p�O a X a p9MPQ�XZTqSrMPTqp0S kdnzSZkm3Q XUQ s Q0� a [\M3MPXUTVhhQ0XUS a S p�km�W a XZQ�] i TwMPO MUORkSZQ�kdn-MPOYQ

s Q�WYMUk[ 7 MPX a p c MPXZTqhhdQ�X � � � � � � ��� ��� � ��� ��� � ��� � ��� ��� � ��� � ��� ��� � � _�^
_ � b ;
tYMUS*nukXy]RTVQ s Q0p0MUXUk[�m a SUS*W s kdM �4� a p�O W a X a m�Q0MUQ�XZS a XUQ-Q@9YW s a TV[RQ�]�Tq[ MUORQ-[RQ@9 M�p�O a WYMPQ0X �m_k_
_ � \j����� kdn 
 <�K � TVhhS*]RQ0p a _ S�nukXyMUORQ ` ��l � � 787C7 � ��� � ��� � ��� ��� � ��� � ��� ��� � �K�O^
� � \ � s Q0p0MUXUk[ Tq]RQ0[\MPT v p a MUTqk[�{|t ads TVM _ p�tYMUS � ��� � ��� ��� � ��� � ��� ��� � ��� � ��� ��� � �K� H� � � `ba t ;
tYMPS � � ��� � ��� ��� � � � � ��� ��� � ��� ��� � ��� � ��� ��� � ��� � ��� ��� � � ��
� � ^ ;
k[YQA]YQ v [RTwMPTVk[�� � ��� ��� � � � � ��� ��� � ��� ��� � ��� � ��� ��� � ��� � ��� ��� � � ��
� � _ 5,Q�{|tRTVXUQ�m�Q�[\MUS,nukdX a W a TqXykdngMPX a p c S�MUk ^ Q-M a hhQ�] a S a p�kd[|�dQ�XZSUTqkd[�� � ��� � ��� ��� � � �\�
� � � ;
tYMUS�nukdX*p ads kXUTVm3Q9MPQ�X � a [Y]�MUX a p c � ^ a SUQ0] Q S ���AXUQ0m3kj� ads � ��� ��� � ��� � ��� ��� � � �\�
� � � 5,Q�SZt s M kdn1MUORQ v M kdn1M a t MUX a p c m�t s MPTVW s TVp�TwM _ � < kdX � ; ^ a SUQ0](WRXUQ0]RTqp9MPTVk[;� i Q a SUSZtRm�QMUO a M �
� * -�. Q/S ?:? 0 � ��d�,W ^ � � kdMUQ8MUO a MbQ:9}MPX a p0MUQ�]�[|tRm ^ Q0XbkdnYQ0�dQ�[\MPS1p0kXUXZQ�SZW k[Y]RSMUk�m�Q a SUtRXZQ�] ��� *Y-�. Q S D�D 0 �%�1��U�� H U�W ^ � ��� � ��� � ��� ��� � ��� � ��� ��� � � �\�
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� � U 5,Q�SZt s M
kdn;MPOYQ v M
kdn m a SUS � < kdX � ; ^ a SUQ�]�WYXUQ�]YTqp0MUTqk[$� i Q a SZSUtRm�Q�MUO a M � � *Y-�. Q/S
?@? 0 � ��d� W ^ � � � ��� ��� � � � � ��� ��� � ��� ��� � ��� � ��� ��� � ��� � ��� ��� � � ��U

U � \ J Q�km�Q0MUXUTVp ads$a [R] c TV[RQ�m a MUTqp a�s XUQ0{|tRTqXZQ�m�Q�[\MPS*nukX*Q s Q�p9MPXZk[;�xm�tRkd[;� a [R]�M a t�� � ��� � � H �
U � � *-Tq[YQ�m a MPTVp ads a [R] hQ0km3Q9MPXZTqp a�sYa p0p�Q0WYM a [Yp�Q,nukX#MPOYQ�p a SUQ,kdn��	�	�
 �T\
^� J QPKMLBN a � � kdMUQMUO a MAXUQ0p�k[RSrMPXZtRp0MUQ�] k ^|~ Q�p0M . � A 1�kX D a XUQ XUQ0{}tYTqXUQ0] MUk m a MPp�O MPk a p�kXZXUQ0SUW7k[R]RTV[Rh

� �8o J W a XZMPTVp s Q
0 �(<#TV]RtRp�T ads TwM _ XUQ�{|tRTVXUQ0m3Q0[|MzTV[Rp s tR]RQ0S  < ` v ]RtRp0T ads TVM _ a [R] ; �+� kX
; ��� oiLk; �! %v ]RtRp�T ads TwM _ � � � � � ��� ��� � ��� ��� � ��� � ��� ��� � ��� � ��� ��� � � H �

U � ^ L p�p�Q0WYM a [Rp�Q a S a nutR[Rp9MPTVk[ k�n1SZMUkW�{|t a X c m a SUS �
L�p0p�Q0WYM a [Yp�Q4� ads tRQ�S,{|tRkdMUQ�] a M�MUORTqSW7kTq[\M a XUQ4[RkdM5p0kXUXZQ�p9MPQ�]�nukdX c [Rk i [ ]RT � Q�XZQ�[Rp0Q�S5TV[�SZMUt ^ v [R]RTV[Rh Q	,3p0TqQ0[Rp _ ^ Q9M i Q0Q�[l a M a a [R] � ; � � � ��� ��� � � � � ��� ��� � ��� ��� � ��� � ��� ��� � ��� � ��� ��� � � H �
U � _ �.,�p�TVQ�[Rp _ kdn�Q s Q0p0MPXZk[ Tq]RQ0[\MPT v p a MUTqk[ p0tYMPS tRSZTq[Rh SrMPkW � ;?S a m�W s Q i TwMPO � . �3 X 0 �\
^d� J QPKM`ON:a � � Q a WRW s _ SZp ads Qzn a p0MPkdX*kdn1��� b U�� ��� �\ � � � ��� ��� � ��� � ��� ��� � � H \
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XZQ�m a X cea ^ s Q a hXZQ�Q0m3Q0[|M i TwMPO MPORQ � � � 7 [�SUWRTwMPQ,kdn$TVMPS&SZtRp�p0Q�SZS��YMUORQ � � TVS&XUQ�h a XU]RQ0] a S�m�Q�XZQ s _ a hdk k}]
s k i Q�[YQ�XUh _ Q3�$Q0p0MUTV�Q�MPOYQ�kX _ �dSZTq[Rp0Q�TVM ^ tRT s ]RS k[Am a [ _ a SUSZtRm�WYMPTVk[RS a [R]ASZMPT sqss Q a �Q0Sbm a [ _ MUORQ�kXZQ0MUTqp a�s
{|tRQ0SZMUTqk[RS i ORTqp�O p a [ ^ Q a [RS i Q�XZQ�] k[ s _ ^|_ MUORQ TV[|MUXUk}]RtRp9MPTqkd[ kdny[RQ i WRO _ SUTVp�S � ` ORQ�XZQ O a �Q ^ Q0Q�[
� a XZTqktYS MUORQ�kdXUQ0MUTqp ads�a MUMUQ�m�WYMPS MPk SUk s �Q�MPORQ WRXZk ^ s Q0m3S kdn MPORQ�� � SUtRp�O a S3{|t a X c p�km�W kdSUTVMUQ�[RQ0SUS0�
MUQ�p�OR[YTqp�k s kX0�RSUtRW7Q�XZS _ m�m3Q9MPX _ . � � ���m0 a [R] s a XZhQ5Q@9 MUX a ]RTqm�Q�[YSUTqkd[RS �

L�m�k[Rh MPOYQ�m � � � � � TqS a [ a MPtRX ads Q:9}MPQ0[RSUTVk[ MUk3MPOYQ � � ^|_ TV[|MUXUk}]RtRp0Tq[Rh a [YQ i M _ W Q4kdn1SZW a p0Q �
MUTqm�Q S _ m3m�Q0MUX _ ^ Q0M i Q�Q�[ nuQ0XUm�Tqk[YS a [R] ^ kSUk[YS �17 [�MPOYTqSzMPORQ0kX _ adsVs MPORQ � � W a XrMPTVp s Q0SzO a �Q MUORQ�TVX
k i [(SZtRW Q0XUW a XZMP[YQ�XUS � Q9�Q�X _ nuQ0XUm�Tqk[ . ^ kSUk[�0�O a S a ^ kSUk[YTqp . nuQ�XZm3TVk[RTqp�0ySUtRW7Q�XZW a XZMU[RQ�X � ` ORQ � TV[RT �
m ads �}tRW Q0XUS _ m�m�Q0MPXZTqp�Q@9}MPQ�[YSUTqkd[ kdn8MPOYQ �}M a [Y] a XU] � k}]RQ s�. � � � � 05Q:9 W a [R]YSAMUORQ � ��i TVMPO a m�Tq[ �
TVm�tRm [|tRm ^ Q0X4kdny[RQ i W a XZMUTqp s Q�S a [R] Tq[\MPQ0X a p9MPTVk[RS i ORT s Q XUQ�m a TV[RTq[Rh�p0k[RSZTqSZMUQ�[\M i TwMPO k ^ SZQ�XZ� a MUTqk[ �
�}tRW Q0XUS _ m�m�Q0MPXZTqp MUORQ�kdX _ ]YQ v [RQ0S a [RQ i m�t s MPTqW s Tqp a MPTw�Q {|t a [\MPtYm [|tRm ^ Q�X p adsqs Q�] - � W a XUTwM _ i OYTqp�O
]YTqSZMUTq[RhdtRTqSZORQ�S � � W a XrMPTqp s Q0S�nuXUkm MUORQ�TVX SUtRW7Q�XZW a XrMP[RQ0XUS � ` ORQ � � � � TqS p�kd[RSZMUXUtRp9MPQ�]�MPk p�k[YSUQ�Xr�Q
^ kdMUO ^ a X _ k[ [|tRm ^ Q�X a [R] s Q�W MPk[ [|tRm ^ Q�X�SUk MPO a M - � W a XUTwM _ p�kd[RSUQ0XZ� a MPTVk[�TVS,Tqm�W kSZQ�]�k[�MPORQAp�kdt �
W s Tq[YhS � 7 n - � W a XUTVM _ TqS-p0k[RSUQ0XZ�dQ�];�bSUtRW7Q�XZS _ m3m�Q0MUXUTVp�W a XZMUTqp s Q�S5p a [ k[ s _�^ Q WRXZk ]YtRp�Q0] TV[ W a TqXZS a [R]
MUORQ 
 TVhO\MPQ0SZM � tRW7Q�XUS _ m3m�Q0MUXUTqp�o a XZMUTqp s Q . 
 �Yoi0zSZORkt s ] ^ Q SZM a ^ s Q MPk ^ Q a p a [R]YTq] a MUQ3k�nyp�k s ] ] a X c

\
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m a MZMPQ�X . ;yl � 0 �
� k i Q0�dQ�X�� ^ Q�p a tRSUQ - � W a XUTVM _ p�k[RSZQ�Xr� a MPTqkd[ TVS [YkdM�[YQ�p�Q0SUS a XUT s _ MPX a [RSZp�Q�[Y]RQ�[\M a�s TV[ � � � � a [R]

h a tRhQATq[\� a XUT a [Rp0QATV[�hQ�[RQ0X ads �xMPORQ0XUQATqS,p�k[YSUTq]YQ�X a ^ s QzMPORQ0kXUQ9MPTVp ads a [Y]�WRORQ0[Rkm�Q�[Rk s khTVp ads Tq[\MPQ0XUQ�SrM�TV[
SrMPtR] _ TV[Rh5MPOYQyTqm�W s TVp a MUTqk[-k�n - � W a XZTVM _ �}Tqk sqa MPTVk[�� 7 [�MUORTqSbSUp0Q�[ a XZTqkR��MPORQ 
 �Yo TqSb[RkdM#SZM a ^ s Q a [ _ s k[RhQ0X
a [R] � a XZTqktRSz[RQ i ]RQ0p a _ S�O a �Q�MPk ^ Q�p�kd[RSUTV]RQ�XZQ�]�TV[	� � � � SUQ a XUp�O��,� tRp�O WRXZk p0Q�SZSUQ�S4O a �Q ^ Q0p�km�Q
TVm3W7kXrM a [\MyMUkWRTqp0S*Tq[�XUQ0p�Q0[|M _ Q a XUS �

L s MPORkdtRhO Q:9 W7Q�XZTqm�Q�[\M ads SUQ a XUp�ORQ0S8nukdX+� � � � W a XZMUTqp s Q�S1O a �dQ ^ Q0Q�[ p�k[\MUTq[|tRQ�] nukX1W a SZM �d� _ Q a XZS�kX
m�kXZQd�Y[Yk�Q0�}Tq]YQ�[Rp0Q-O a S
]YTqSUp0kj�Q�XZQ�] _ Q9M �i;
k[RSZQ�{|tRQ0[|M s _ �xTVMyTVS
SZtRXUm�TqSZQ�] MUO a M a�s m�kSZM � � ���EW a XrMPTqp s Q0S
O a �dQ�ORQ a � _ m a SZSUQ0S � � k i Q9�Q0X5MPkW {}t a X c O a S�MPORQ4m a 9 TVm�tRm m a SUS a m�k[Rh MPORQ4k ^ SUQ0XZ�dQ�] W a XrMPTqp s Q0S
TV[�MPOYQ � � MPOYQ�XUQ9nukXUQ TVM4TqS�W7kTV[|MUQ�] kt M�MPO a M�SZp adsqa X4MUkW {|t a X c . SZMPkdW�04p a [ ^ Q s TqhdO|MUQ�XzMPO a [ kdMPORQ0X
� � � � W a XrMPTVp s Q0S � ` ORTqS&TVS ^ Q0p a tRSZQ�MUORQ*k
� � ]RT a hk[ ads p0km�W k[YQ�[\MPS . XZQ sqa MPQ0] MUk-MPORQyMUkW {}t a X c m a SZS 01kdn
MUORQzSZMUkW {|t a X c m a SUS*m a MPXZT 9 ^ Q0p�km�Q�S sqa XUhQ a [R]�p a [ O a �QzMPORQzSZk s tYMUTqk[�k�n a p�kdm3W a X a MUTV�Q s _ SUm adsqs
m a SZS
Q�TVhQ�[YSZM a MPQ � � Q�p a tRSUQ-SrMPkW p a [ ]RQ0p a _ TV[\MPk4M a t s Q�WYMUk[ a [Y] 3 � {|t a X c TV[ SUp0Q�[ a XUTqk i TVMPO - � W a XZTVM _
�}TVk s a MUTqk[$� SrMPkW W a TVX � WYXUk}]RtRp0MUTqk[ _ TVQ s ]YSyMPk M i k M a t s Q�WYMUk[RS a [R]�M i k ~ Q9MPS*nuXUkmZ3 � {|t a X c �

` ORQ - � W a XUTwM _ � TVk s a MPTq[Yh3SrMPkW i
a S-SUQ a XUp�OYQ�] tRSUTV[Rh�] a M a3i TVMUO a [(Tq[\MPQ0hX a MPQ�] s tRm�Tq[RkSZTVM _ k�n \!� �
W ^ V�X a M a p0Q�[\MPQ0X8k�n$m a SUS�Q0[RQ�XZh _ kdn�� � � \ � Hz` QPK�� i ORTqp�O i Q�XUQ�p�k sqs Q0p0MUQ�] ^\_ MPORQ ;
k sVs TV]RQ�X#l5Q0MPQ0p0MUkX
a M6< Q0XUm�T sqa ^ . ;yl=<>03]RtYXUTq[Yh MPORQ \ bOb � � b ^ . 5,tR[ 7 a 0 a [Y] \ bkb _ � b � . 5�tR[ 7 ^ 0 XUtR[RS � ��k i Q0�dQ�X [Rk
Q9�}Tq]RQ0[Rp�Q iya S k ^ SUQ�Xr�Q0] a [R] SZMUkW m a SZS,TqS s TVm3TwMPQ0]3MPk ^ Q s k i \ �� J QPKMLBN a a M b �kd p�k[ v ]RQ�[Yp�Q s Q0�dQ s �

` ORQ];yl=<�TqS a hQ0[RQ�X ads WRtRXUW7kSZQy]RQ0MUQ�p9MPkXgMPk5SrMPtR] _ E 4E�p�k sVs TqSZTqk[ a MgMPOYQ ` Q0� a MPXZk[�p0k sqs Tq]RQ0XgTV[ <xQ�XZm3T
� a MPTVk[ ads L�p�p0Q s Q�X a MPkX 
 a ^ kX a MPkX _ ��7 sqs Tq[RkdTqS�� � � � � � ` ORQ ` Q9� a MPXUkd[3O a S ^ Q�Q0[3tYWRhX a ]RQ�]�Tq[ Q�[YQ�XUh _ a [R]
s tRm�Tq[RkSZTVM _ nukdX 5,tR[ 787 a S i Q sqs#a S ` OYQ�;yl=< TqS�Tqm�WRXZk �dQ�]�nukdX�ORTVhO�X a MPQ4kdn�] a M a � M adc Tq[Rh � ` O|tRS5MUORQ
] a M a i kXrMPO kdn a [ Tq[\MPQ0hX a MPQ�] s tYm3TV[RkSUTwM _ k�n8�d��� W ^ V�X a M,MPORQAp�Q0[\MPQ�X kdn1m a SZS Q0[RQ�XZh _ kdn]\ � b � ` QPK
TVS,Q:9 W Q0p0MUQ�] MUk ^ Q-M a�c Q�[ Tq[15,tR[6787 a�i ORTqp�O SZM a XZMUQ�] Tq[ ��a XZp�O(�d�d�\ �
7 [ 5,tR[ 7871MUORQ5SrMPtR] _ kdn WRXZk p0Q�SZSUQ�S*p0k[\M a TV[RTq[Yh4M a t s Q0WYMPk[YSyTq[�MPORQ v [ ads SZM a MPQ5W sqa _ a [ Tqm�W kdXZM a [|M

XZk s Q TV[ WRO _ SZTqp0S ^ kdMPO i TwMPORTV[ a [R] ^ Q _ k[R] MPORQ � � �gQ0SUW7Q�p0T adsVs _ � � � � WRXZk p0Q�SZSUQ�S �,7 M i
a SASUORk i [�TV[
XZQ�SZt s MUS ^ kdMUO nuXUkm 
 �8o%�d�� a [Y] nuXUkm ;yl � p�k[RSrMPX a Tq[\MPS�MUO a M � � � � n a �kdX s a XZhQ3� ads tRQ nukX�M a [
� � ` ORTqSzm�Q a [YSAQ0[RO a [Yp�Q�m�Q�[\M4Tq[(MPOYQ ^ X a [Rp�ORTV[Rh X a MUTqk�kdn MPORQ ]RQ0p a _ S�kdn � � ��� W a XZMPTVp s Q�S-Tq[\MUk�M a t
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s Q�WYMUk[RS a S�p�km�W a XZQ�]�MPkAkdMPORQ0X�p�O a XUhdQ�] s Q�WYMUk[RS � 7 [ kXZ]RQ�X�MPk ^ Q a ^ s Q*MPkASUQ s Q0p0M SUtRp�O Q9�Q0[|MUS�� SUW7Q�p�T v p
]YQ�]RTVp a MUQ�]3M a t MPXUTVhhQ0X&S _ SZMUQ�m O a �Q ^ Q0Q�[3]RQ�SZTqh[RQ0] a [Y]3TVm3W s Q�m�Q�[\MPQ0] a M�;yl=< TV[,5,tR[R787 . ;yl=< � 787 09�
i OYTqp�O TVS3p adsqs Q�] MPOYQ s Q�WYMUk[ W s tRS MPX a p c MPXZTqhhdQ�X � ` ORTqS MUXUTqhdhQ�X S _ SrMPQ�m p0km3WYXUkm�TqSZQ a XZQ a SZk[ a ^ s Q
] a M a � M adc TV[Rh�X a MPQ i TwMPO ORTVhO s tRm3TV[RkSZTVM _ TV[ 5�tY[ 787 a [R] a�s k i MPORXZQ�SUOYk s ] nukX s Q0WYMPk[�m3km�Q�[\MUtRm �
` OYQ s Q�W MPk[�W s tRS�MPX a p c MUXUTqhdhQ�X�O a S5SZORk i [(hk}k ] W Q0XZnukXZm a [Yp�Q a [R](p�k sVs Q0p0MPQ0]�M a t�Q�[RXZTqp�ORQ0](S a m�W s Q
SZTq[Rp0Q�MPOYQ�Tq[YSZM a�sqs a MPTqkd[�� ` ORQ=;yl=<�hdXUktRW3tRSUQ0SyTVMUS S a m�W s Q,nukX8SUkm�Q�WRO _ SUTVp�S
MUkWRTVp�S
SZtRp�O a S - � W a XZTVM _
�}TVk s a MUTq[Rh�SZMPkdW��

` ORTVS�MUORQ�SZTqS�TqS kXUh a [RT��0Q�] a S�nuk sqs k i S � ` ORQ [RQ:9}M3p�O a WYMUQ�X ^ Q�hdTq[RS i TVMUO a Tq[\MPXZk ]RtYp0MPTVk[ kdn5MUORQ
MUORQ�kdXUQ0MUTqp ads p0k[Rp0Q�WYMUSykdn MPOYQ � � � � a [Y] MPORQ�SZMPkdW�� 7 [6;
O a W MPQ�X�^Y�|MPORQ5WYXUkdMUk[ � a [|MUTqWRXZkdMPkd[3p0k sqs Tq]RQ0X a M
<xQ0XUm�T s a ^ a [Y]�MPORQ ;yl=< ]RQ0MUQ�p9MPkX a XZQ�XZQ0�}TqQ i Q0]�� ` ORQ s Q0WYMPkd[�W s tYS MPX a p c MUXUTVhhQ�X�S _ SrMPQ�m MPk p0k sqs Q�p9M
Q9�Q0[|MUS-Tq[ m�t s MUT � M a t v [ a�s SrM a MUQ�S5TVS ]RQ0SUp0XUT ^ Q�]�Tq[ ;
O a WYMPQ0X _ � 7 MPS a WRW s Tqp a MPTVk[�MPk � a XZTqktRS,WRO _ SUTVp�S-TVS
a�s SUk,]RTVSUp0tRSUSZQ�]�� ` OYQ�� ads Tq] a MPTqkd[�kdn}MPORQ s Q�WYMUk[zW s tYS;MPX a p c MPXZTqhhQ0X;TqS p0k[ v XZm3Q0]4TV[5MPORQ Q/S D�D WRXUk}p�Q0SUS
i TwMPO U��W ^ V�X ] a M a Tq[ ;
O a WYMUQ�X�� �,;
O a WYMUQ�X�� SUOYk i SzMPOYQ3XZQ�SUt s M4kdn a [�Tq[Y]RTqXZQ�p0MzSZQ a XZp�O�nukX�� � � �
MUORXUkdtRhO m�Q a SZtRXUQ0m3Q0[\MPS
k�n;MPORQ ^ X a [Rp�ORTq[Yh�X a MPTqkAkdn * -������ S 1�1 �F7 [1;
O a WYMUQ�X]U �}MUORQ a [ ads _ SZTqS8kdn SZMUkW
{|t a X c TqS&Q@9 W s a TV[RQ�] TV[�]YQ0M a T s �dSUtRp�O a S�] a M a �}Q9�Q0[|M SUQ s Q0p0MPTVk[;�\S _ SrMPQ0m a MUTqp,tR[Rp0Q�XrM a TV[|MUTqQ0S�� ^ a p c hXZktR[R]
Q9� ads t a MPTqkd[;� a [Y] XZQ�SUt s MPS0�Rnuk sqs k i Q0] ^\_ a SUOYkXZM,SZtRm3m a X _ i ORTVp�O p0k[Rp s tR]RQ0S�MUORQz]RTqSZSUQ�XrM a MUTqk[ �
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o a XZMPTVp s Q4WRO _ SUTVp�S a MZMPQ0m3WYMUS MUk tR[R]RQ0XUSrM a [R](MUORQ�nutR[R] a m3Q0[\M ads p�k[YSZMPTwMPtRQ0[\MPS-kdn�m a MUMUQ�X a [R]�MUORQ�TVX
TV[\MPQ�X a p0MUTqk[YS � ` ORQ�� � TqS a {|t a [\MPtRm v Q s ] MPOYQ�kX _ i ORTqp�O3W kdSZMPt s a MUQ�S1MPO a M adsqs m a MZMPQ�XZS a XUQ,p0km3W7kSZQ�]
k�nbnuQ0XUm�Tqk[RS a [R]�MPO a M*MPORQ5nutY[R] a m�Q�[\M a�s nukXZp�Q�S,kdng[ a MPtRXZQ a XUQ-m�Q�]RT a MPQ0] ^\_ h a tYhQ ^ kdSUk[�� ` OYQ _ a XZQ
SZWRTq[ Xa W a XrMPTqp s Q0S1p�km�WRXZTqSUTV[Rh�M i k-n a m3T s TVQ�S � MUORQ s Q0WYMPkd[RS a [R] {|t a X c S � ` ORQ s Q0WYMPkd[ a [R] {|t a X c n a m�T s TVQ�S
a XUQ�Q a p�O3]RTV�}Tq]YQ�] Tq[\MPkzMPOYXUQ�Q�hQ0[RQ�X a MPTVk[RS�kdn s Q�W MPk[RS a [Y] {|t a X c ]Rkt ^ s Q0MUS � ` ORQ�Tq[\MUQ�X a p0MPTVk[ nukXUp0Q�S8kdn
MUORQ s Q0WYMPkd[RS a [R]�{|t a X c S a XUQ5m�Q�]YT a MUQ�] ^\_ MUORQ5Q:9 p�O a [RhQzkdn nutR[R] a m3Q0[|M ads h a tRhQ ^ kSZk[RS � ` ORQ0XUQ a XZQ
nukdtRX c [Rk i [ nukXZp�Q�S,hkj�dQ�XU[YTq[Rh MPOYQATV[\MPQ�X a p0MUTqk[YSykdnbm a MZMPQ0X a M s k i Q�[RQ0XUh _ � SZMUXUk[YhR�RQ s Q�p9MPXUkdm a hd[RQ0MUTqpd�
i Q a�c � a [Y] hX a � TwM a MUTqk[ ads �

` ORQ-SrMPXUkd[Rh�nukXUp0Q5TqS a MUMUX a p9MPTV�dQ a [R]�O a S a �Q0X _ SZORkXrM*X a [YhQ-kdn Tq[\MUQ�X a p0MPTVk[�� ` OYQ-SZMPXZk[Rh�nukXZp�Q-TVS
m�Q�]YT a MUQ�](k[ s _ ^ Q9M i Q0Q�[ {}t a X c S ^\_ MPOYQ�Q:9 p�O a [YhQ kdn8h s tRkd[RS �=7 M-TVS5XUQ0SUW7k[RSZT ^ s Q�nukX MUORQ ^ TV[R]RTq[Yh kdn
WYXUkdMUk[RS a [R]�[RQ0tYMPXZk[RS�MUk3nukXZm a MPkdm3TVp-[}tYp s Q0T � ` ORTVS nukXZp�QATqS�]RQ�SZp�XZT ^ Q�] ^\_ �5t a [\MPtRm ;
ORXZkm�k\l _ �
[ a m3TVp�S . �m;ylM0 �

` ORQ3Q s Q0p0MUXUkm a h[RQ9MPTVp�nukXUp0Q3TVS a MZMPX a p0MUTV�Q . XUQ�WYt s SZTV�Q�0znukXZp�Q�TVn MPORQ�W a XrMPTqp s Q0SAO a �dQ3MUORQ kWYW kSZTVMUQ
. S a m�Q
0*SUTVh[RS�kdn1Q s Q0p0MPXZTqpzp�O a XZhQ � ` OYTqS,nukXUp0Q4TVS�m�Q�]YT a MUQ�] ^|_ MUORQ4Q@9 p�O a [RhQ�kdn1WRXZkdMPkd[RS a [R] i Q adc Q�X
MUO a [ MUORQ�SZMUXUk[Yh nukXUp0Q ^\_ a WYWRXUk�9 Tqm a MPQ s _ M i k kXU]RQ0XUS k�nzm a hd[RTVMUtR]RQ �[7 M�TqS3XUQ0SUW7k[RSUT ^ s Q nukX3MUORQ
^ Tq[R]RTV[Rh kdnbQ s Q0p0MUXUk[RS*MUk�[|tRp s Q0T;MPk nukXUm a MPkm�S �

_
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` ORQ i Q adc nukdXUp�Q a�s SUk�O a S a SUORkdXZM�X a [RhQ*kdn7Tq[\MUQ�X a p0MPTVk[ a [R] TVS1m3Q0]RT a MPQ�] ^\_ OYQ a � _ h a tRhdQ ^ kdSUk[RS0�
a [R] a � Q�p9MPS8{|t a X c S0� s Q0WYMPkd[RS a [R]3MUORQ�h a tRhQ ^ kSUkd[RS Q@9 p s tY]RTq[RhAh s tRk[RS � ` ORTVS8nukXZp�Q�TqS a WYWRXUk�9 Tqm a MPQ s _
SZT 9�kdXU]RQ0X�k�n#m a h[RTwMPtR]YQ5SUm adsqs Q�X
MUO a [�MPOYQASrMPXZk[Rh nukXUp0Q a [R]�XUQ�SZW kd[RSUT ^ s Q-nukX*[RQ0tYMPXZk[ ]RQ�p a _ �
<#TV[ adsqs _ �|MPORQzhX a � TwM a MUTqk[ ads nukXZp�Q-TVS�WYtRXUQ s _ a MZMPX a p0MUTV�Q ^ Q0M i Q�Q0[�M i k3m a SUSZTV�dQAW a XZMUTqp s Q�S �+� Tq[RQ-MUORQ

hdX a �}TVM a MPTqkd[ ads nukXZp�Q8TqSgm�tRp�O i Q adc Q�X#MUO a [ a [ _ k�MPORQ0XbnukXZp�Q�S . XZktRhO s _ _\�,kXU]RQ0XUSbkdnxm a h[RTwMPtR]RQ i Q adc Q�X
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� � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � - IMU
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L2 trigger

Detector

L3 Farm

Mass
Storage

L1 Accept

Level 2:
Asynchronous 2 stage pipeline
~20µs latency
300 Hz Accept Rate

L1+L2 rejection:  20,000:1

7.6 MHz Crossing rate
132 ns clock cycle

L1 trigger

Level1:
7.6 MHz Synchronous pipeline
5544ns latency
<50 kHz Accept rate

L2 Accept

L1 Storage
Pipeline:
42 Clock 
Cycles Deep

L2 Buffers: 
4 Events

DAQ Buffers 

PJW  10/28/96

Dataflow of CDF "Deadtimeless" 
Trigger and DAQ
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'P��9<7���� $��
$_ª)( �'ªNE*,+-*�. w�PH .��
$ ª ( � ª E*,/�*,. w�PH ) �
$ ª (  ª *�. � � /Aw#O :��$�.9�7y4 )R�<H ® �
$ ª (  ª  ª  #0 *�. � � / ��O :��$��9<7y4 w�®PH & �
 !��O $ �
$ $1(�$�� $�� w & H ) �
$ $1(�$�� $�� )y®PH����
$ $1(�$�� $�� ) & H�¯��
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